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% Praeess Idr preparing xanthomonat heterepotysaccharide. heteropolysaccharide as prepared by the latter process and Hs 



@ Process tor preparing Xanthomonas heteropotysaccha> 
ride from Xanthomonas campestris NCIB 11854 and use of the 
latter e.g. as viscosity modifier in an aqueous solution, and 
In a drilling fluid and use In connection with well-treat- 
ments, and enhanced oil recovery. 
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PRXSSS FOR FSEPABING XANmOMOIBVS 

AS PRERftRED BY THE IMTER PBOCESS fiND US USE 

OliB present invention relates to a process for preparing 
Xanthononas heteropolysacciiaride by fermenting a certain 
Xantfaonoias species. 

Frcm US 3,485,719 it is known that heteropolysacdiarides 
can be pri^)ared by subjecting a carbohydrate souroe to 
f encentation by the organism X5git±ogDnas campestris NRRL 
B-1459. In this patent specification it is stated that the 
hetercpolysaodiaride produced from XiBgrt±onanas campestris NRRL 
B-1459 has shown to be an eaaseptionally effective agent \4ien 
used in seoondary oil recovery opecations as well as eidiibiting 
\itility as a thickening agent for foodstuffs, oosmetics etc., 
and ?Tg^ as an edible f ilm-fantdng agent, and as an enulsifying 
agent for example in printing ink and as thickening agent in 
textile print pastes. 

Applicants have now isolated a novel substrain of 
Xanthononas r?^nr^st3cis species \Aiich has beei di^x)sited at the 
National Collectioi of Industrial Bacte r ia, Ttorry Research 
Statim, Aberdeen, under accession nunber 11854. Oonpasred with 
the microorganism Xanthontanas caitpestris NRRL B-1459 the 
present microorganism NdB 11854 appears to exhibit a nucb 
hitler specific growth rate in a defined medim, a ranarkably 
higher specific rate of polymer produ c tio n and can be 
maintained in continuous culture or repeated fill-nandrdraw 
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coltuze fcac asfnsiderably longer periods without deterioration 
in polymer pcoducijig cspahility. 

Rirthermore for enhanced oil recovery operations the 
potential injectivity of the heteropolysaocfaaride produoed by 
the NOB 11854 ndcxoorganism, as determined by a filtration 
test, is as good as or is even better than that of the^ 
>lo^l a TT^pn^ ygarsnTiatH fl<a produced by the Xantfaomc^ias canpestris 
NRRL B-1459 especially when dissolved in hic^ salinity brines. 
Bie present invention provides a process for preparing 
Xanthocnonas heterqpolysaccharide which ccnprises grcwing the 
organism XanQiocnQnas campestris NCIB 11854 in an aqueous 
nutrient medium fay aerobic fermentation of an assimilable 
carbohydrate and nitrogen source and recovering the 
heteropolysaodharide. The process may suitably be carried out 
as a batch-process or a f ed-babdh process with or without fill 
and draw or as a continuous process. 

From productivity considerations a continuous yropess or a 
fill and draw process is preferred. Unlike many ccDncnly 
available Xanthononas strains^ the Xanthcromas c a mpestris NCIB 
11854 organism appears not to require cocplex growth factors or 
vitamins in order to achieve satisfactory grcx/th rates and 
polymer production rates in lijuid culture. Very good results 
can be achieved if tiie o rg an iaos is grown in a simple 
chemically defined medium ormtaining a sisple nitrogen source 
such as flodinm glutamatej or an. dumoiiium or nitrate salt, 
^berefbxe such a growth medium is preferably used. Sodiun 
glutamate is tte pr efer red nitrogen source. 

Furthermore the use of a chendcally defined grcM^ medium 
allows better control of the microbial grc^^ conditions, 
resulting in a controlled polymer synthesis and a reproducible 
production prooess yielding a product of consistent quality. 
Biis "^pe of cantrol over heteropolysaccharide production and 
quality is not generally possible using, for instance, 
Xanthomonas c di i gje stris NRRL B-1459 grown in growth media 
containing the more variable and ccnplex nitrogen sources such 
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as yeast extract or distillers dried solubles. The presmt 
iiwerrtlm further relates to the heteropolysaocharide as 
prq>ared by the process as hereinbefore described and to the 
use of the heteropolysacchariae as viscosity .modifier in an 
aqueous solution* 

A drilling fluid oonprising water and 0.06-1,5% hy wei^ 
of the above heteropolysaodiaride is a fcrther aspect of the 
present irwention. The present invention also enocnpasises a 
nethod of treating a well ocxcprising the introductim into the 
\gell of an aqueous nedium oatcprising water and 0,05-1.5% by 
wei^t of the above heteropolysaocharide as well as a method 
for displacing a fluid through a well and/or a permeable 
subsurface fo n na tion oorannLinicating with tije well by injecting 
into the well an aqueous solution comprising the above 
heteropolysaccharide. The present invention furt±ier relates to 
a biologically pure culture of Xanthanonas campestris NCIB 
11854. 

Tte present invention will now be further- illust3flated by 
the following Exaspla. 
Exanple 

Preparation of heterqpolysaodiaride by cultivaticn of 
jfanthanonas canpestris S^>. JOB 11854 and a oorapariscn of its 
perfbruance with that of Xanthanonas canpestris NRRL Br-1459 

y^PTTHHfTOTnas campestris NOB 11854 was gram on three 
different ciifinriLcally ^^^rv:^ salts media (as shewn in Table 1) 
in a ChaiBp GP 7 litre f ermaitation vessel under batch 
GoniitiQns as suicnarised in Table 2. 

In the first experiment the sole source of nitrog^ for 
microbial growth was aninonium ion (24 xnM) , alleging e5?)onential 
growth of cells to a maxamum oanoentration of 3 gl . In the 
second and third experiments tlie anraonium was substituted with 
nitrate (24 nM) and glutaraate (24 nM respectively. The 
results are st»m in Figures 1-3. 

As is clear from a ccnparison of these figures glxctaroate 
as a nitrogen source is preferred since it gives a ymax i.e. 
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nBxinum c^^l growth rate, of 0.12 hT , a qp value, i.e. 

—1 -"1 

specific rate of polymer pfroduction, of 0.36 g. (g )h and a 
final polymer yield Yp of 0.59 g.g""^. This ocntoination of hi^ 
umax and hi^ qp resulted in a final polymer productivity of 
0.49g. (l'"^)h"^, vjhich is more than dcxihle the noocal 
productivity of a heteropolysaocdiaride fennentaticn using 
Xanthanonas canpestris B - 1459 
■fable 3 indicates under A the values of umax, qp,ggfi«e. 
specific glucose utilisation rate, Yp, i.e.. yield of polymer cn 
glucose and p,i.e. polymer product, for Xanthononas caogpestris 
ICIB li854 on the above defined salts grcwth medium and under B 
the respective values for XEgitfacroanas campestris NRRL B-1459 




BN27.001 



• » • • • • 

• • • 

0130647 

5 - 



CHEMICSLLy DEFINED SALTS MEDUM FOR THE COiaURE CF MNTHCiMJNRS 

• — — : ~ [ 

CftMPESTRIS NOB 11854 





Ooncentratian (irM) 


Oonponsnt 






Medium 3 


Mediua 1 . 


Medium 2 


Gliioose 


24.5 (gl"^) 


24.3 (gl"^) 


23.4 (grt 




12 (24 irM N) 










24 




Na dutamate 






24 




25 


25 


25 






25 


25 


MgSO^,7H20 


2 


2 


2 


CaCl2.2H20 


1 


1 


1 


FeSO^.THjO 
MnSO^.THjO 
ZnSO^.TH^O 
CaSO^.SH^O 
OoClj.eHjO 

H3BO3 

KE 


0.2 

20 X lO"^ 
20 X 10"-' 
20 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 


0.2 

20 X lO"-' 
20 X 10"'^ 
20 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 


0.2 

20 X lO"-' 
20 X 10"^ 
20 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 



nM = mininolar 

gl"^ = grams/liter 

nH N = mill inolar nitrogen 
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GaROWIH OCNDirmNS FCSl THE OULTORE 
OP XZaroaOMJNRS CaHPEgERIS nob 11854 



Ten^perature 


28®C 


pH 


6.8 


Inpeller 


3x4 Bladed Bushbon 


liqpeller speed 


1000 rpm 


Culture volume 


4.5 - 5.0 litres 


pB control 


IN NaCH + IN roe 


Dissolved 0^ tension 


>80 inn Hg 


idr flow rate 


1.0 litres /ninute 
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a 



CO 



t-t 

1 


0.39 
0.38 
0.49 


0.13 
0.21 


1 

1 

1' 




0.53 
0.52 
0.59 


0.51 
0.41 


1 tr 1 

1 2 


0.60 
0.60 
0.68 


g g 


1 1 

1 

1 T-T^ 
5? 


0.275 

0.35 

0.36 


0.08 
0.11 






0.09 

0.084 

0.12 


0.03 
0.07 


i *■ 


Source 


1 

Annonla 
Nitrate 
Glutanate 


Glutanate 


Pun 


iH r* <n 


1-1 OJ 




< 


(0 



o 
o 

• 
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Biis table clearly shows the better perf onnance of 
Xanthcnpnas canpestris NdB 11854 oonpared with Xanthanonas 
canqpestris NRRL B-1459. 

In Table 4 the f ilterability of Xanthonpnas canpestris 
NCIB 11854 broth is aaiparsd with that of 
Xanltoionag canpestris NRRL B - 1459 broth v*en diluted to^ 
constant viscosity in solutions of differait salinities". 
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Fn/IERABILICT CF jOcP SOIDTIONS (visoosity measured at shear 
rate of 7*5 sec ) " 

A IN 1% NaCl + 0.1% CaCl^ AT 30'>C, 1 atm over pressure 



SERMN SaMPIE FlUERfinCN TIME (SEES) FCR 200nas 

5|i-«»/F* 1.2|i** 


11854 

NFRL 
B-1459 


Broth 

Ekizyne Treat. 
Broth 

B^zyne Treat. 


11.0 
9.5 

17.5 
19.0 


63.6 
29.3 

59.6 
188.0 


B IN 1% HsiCl -1 


- 0.1% CaCL, AT 70''C, 1 atm overpressure 


Piv.> 1 r> 

11854 

NBRL 
B-1459 


Broth 

Bozyne Treat 
Broth 

Sizyine Treat 


7.5 
5.5 

35.8 
8.5 


37.3 
17.0 

50.7 
40.9 


C IN 15% Nad 


+ 1.5% Cad^ AT 30*C, 1 atm overpressure 


NdB 
11854 

NRRL 
B-1459 


Brdth 

Bizyme Treat 
Broth 

fiizyme Treat 


14.5 
22.1 

30.8 
>1000 


330 
101 

81.7 
>1000 


D IN 15% Nad 


. + 1.5% Cad^ M 70"C, 1 atm overpress\ire 


NdB 
11854 

NRRL 
B-1459 


Broth 

Bnzyme Treat 
Broth 

Ekizyne Treat 


17.0 
>1000 

>1000 
>1000 


299 
>1000 

>1000 
>1000 



* P/F = Prefilter for separation of ooarse material. 



** without Prefilter, but solution previously passed throu^ 5\i 
+ P/F. 

For the actual filtration Millipore {trade mark) filters having 
a diarcBter of 47nm have beai used. 5\i and 1.2\i are sizes of the 
pores of these filters. 
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As is clear fxxxa the above tsible the f ilterability of 
3&anth3nttnas campestris NdB 11854 broth before and after enzyice 
treatnent is rGnorkably better than that of Xanthocpbas 
c diiy j estxi s NRRL B-1459, 

Qiaracterisation by the National OoUection of Industrial 
Bacteria of Xaaithcganas Cdajje stris NdB 11854 and Xanthcnonas 
canp s s tris NdB 11803 = NBRL B -1459, hereafter referred to as 
NCIB 11854 andliCIB 11803 respectively. 

The results were similar for NdB 11803 and NCIIB 11854 
except vjhere stated 
Cell Mcnrphology 

A. Qxoid CMI Nutrient Broth + 0.75% DifcxD Agar plates were 
inoculated with 'young' growth and incubated for Th hcxirs 
at 25®C. Cells from the margins of c. 0.2 rem patches of 
growth were examined and pbotogra^iied in situ tinder 
ooversHps by phaser-oontrast. Mobility and the other 
features were determined in pools surrounding 0.1 nm glass 
beads scattered on other patches^ Oells at the margins of 
growth occurred singly and in pairs, with cell dimensions 
of 0.4--0.5 urn widUi x 1.2-2.5uro length for NC3B 11803 axid 
0.5-0. 6|mL X 1.2-2. Sum for KUB 11854. In fDcm the growth 
icorgin in pools, aggregates (synplasmata? See Graham & 
Hod^dLss, 1967) of a hundred to several thousand cells 
wsre OGmxDnly seen with NCIB 11803 but nuch less 
frequently with NOB 11854. Mnhility was positive. 

B. Using omditions as in A above but with 0.5% glucose r^*^ 
to the medium and 7 hours incubation result were similar 
except tiiat cells were 0.1 pm wider and aggregates were 
not sem with NdB 11854. 

CJolopy Morphology 

A. After 48 hours growth at 3Q^C on Cbeoid CM3 Kltrient Agar 
plates growth was good, and isolated oolonies were yellow 
in colour, circular, entire, nucoid, soooth, string and 
oc3nvex. Colony diameter was 1-1.5 mn for 11803 and 1.5m 
for NdB 11854. 
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B. After 72 hours growth at 30*C on medium as in A above but 
with 1% gluaose growth was good and isolated colonies were 
pale cream in colour, circular, entire, very nuooid, 
smooth and convex, v?hile confluent grwth was pale 
cream-^nellow. Coiao^ diameter was 2mcQ for NdB 11803 and 
2-2.5 mm for 11854, 

Selected Morphology 

Mineral Base Balleroni 6 Do\ac3oroff 1972 Mcx3if led (H)) (A. Bevr. 
aytophethol. 10, 73) 



10 



NajHPO^ I2H2O 6.0 g 

KHjPO^ 2.4 g 

NH^Ca 1.0 g 

I^^.THjO 0.5 g 

FeClg.SHjO 0.01 g 

15 CaCl2-6H20 0.01 g 

Deiooized water 1 litre 

TbB ptt will be 6.8 
H) Mineral Base + 0.1% Filter-Sterilized Glucose (HX3) 
Gelatin Stabs 
20 Mztrient Broth No. 2 (Cbcoid) 2.5% 

Gelatin (Difoo) 12.0% 
Gplatin Plates 

Ntitrient Agar Gbooid C3^ 2.8% 
Gelatin 1.0% 
25 Milk Plates 

Sidm Milk (Difoo) Sep a rately sterilised 3% 
Peptone (Difco) 0.1% 
Beef Extract lab-Lanoo 0.1% 
Nad 0.5% 
30 Agar 1.5% 

pH 7.4 before autocla^ang 
Biodhendcal Qiaracteristicst at 30^C exoespt as stated 
Growth at **C on CM3 Plates 

Itenperature 5« 30* 37« 

35 Growth (nonr-quantitative) + + - 
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pH Growth Beunqe m CMC brcitfa (adjusted yB) 
pa 3 5 7.2 8 9 10 

Growth - 3+3+3+3+3+ 

Growth in Rresenoe of Salt 
^ Basal media ooEntaining NaCl at oonoentratims of 2,3,4 and 

5% prepared acoording to the method of Bayward & Bbdgkiss 

(1961) , Cultures vere Incubated for 3 days. 

NCIB 11854 vas less salt tolerant than JKJB 11803 as follows 
NaCl % 2 3 4 5 

10 NCIB 11803 growth 3+ 3+ 3+ - 

NCIB 11854 growth 3+ 3+ + - 

Hydrolysis of Gelatin and Casein 

Cultures were incubated for 7 dc^. Gelatin stabs were at 

20''C. NCIB 11854 shoMsd a lesser degree of proteolytic 
15 activity than NOB 11803 as follows 

Gelatin Stab Gelatin Plate Mlk Plate 

NCm 11803 + + + 

NCas 11854 - + weak + 

Growth Factor Bflrpiiranent Tests 
20 Subcultures were made by strai^tt wire three tiroes in PDG 

medium made with glass distilled water. Satisfactory grwth 

was obtained in about 4 days indicating there was no absolute 

requirsment for yiwth factors. 

Metiiionine StiTmlation Test 
2^ Cbe drop eaA of a faintly tuxbid young growing culture in 

PDG medium made with glass disfrillpd water was inoculated into 

VDG with and without 10 pgAnl Irmethionine in 1 xxO. amounts in 

IGoni tubes. There was no stisulation of the growth rate by 

30 Carbon Souroe tWrilization 

ro medium with 0.1% filter-sterilized sole carbon sources 
shown in Table 1 were incx:ulated and incubated for 14 da^. 
Three ^iparently minor differences in growth between the 
strains were found. 
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Acid Production frcan C^j±chvdrates 

The oKidation-f ennentaticn mediuni of Haywtoi and Hod^ciss 
(1961) was stpplenehted with 1% filter^-sterlized casfban sources 
shown in Table 1. The tubes were inoculated and incubated for 
14 days. Acid was produced fron galactose and inelibiose by 
NCIB 11854 but not by NCIB 11803. The significance of this is 
doubtful particularly because both ccnpounds were utilized as 
. sole carfxn sources by both NOB 11854 and NOB 11803. 



'mSLE 1 

CariMn Source Utilization - Oonpounds listpd in the tables for 
Pseia3oncnas in Bergey' s Manual of Deterndnative Bacteriology 
1974 and in the order for Pseudomanas in R.y. Stanier et al. 
(1966) J. gen. Micrdbiol. 43, 159. 



Acid production 
frcm 0-F mediua 



NCIB • • 
11803 



Carfacfliydrates and sugar derivates 



D-Ribose 
D-3^1ose 
Ir:Arabinose 
Ir-Ehamnose 
D-caucose 
D-Fructose 
Sucrose 
Trehalose 
Cellcbiose 
2-Ketogluoanate 
Saccfaarate 



Fatty acids 
Acetate 
Propionate 
Butyrate 

Dj[r*gtr^v3)cylic acids 
Malnnate 



trace 
weak 

+ 
+ 
+ 
+ 
weak 



11854 



weak 

+ 
+ 
+ 
+ 
+ 



Growth from 
sole carbon source 



NCIB 
11803 



weak 



+ 
+ 
+ 
+ 
+ 



JXIB 
11854 



weak 



+ 
+ 
+ 
+ 
+ 



weak 



weak 



<+ 
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Table 1 (cxHitinued) 



Add production 
from 0-F medium 



NCIB 
11803 



Hydroxy acids 

D (-) -Tartr ate 

meso-Tartrate 

DL-3-Bydro3^butyrate 

nii-Iactate 

GlyooUate 



Misopl Tapeous organic adds 
Levulinate 
dtraoGBiate 
Mssaoonate 



lis and qlyools 



+ 



Sugar Polyalocho: 
Etythritol 
Sorbitol 
meso-Sapsitol 
Jvannitol 
Prc^ylene glycol 
2,3-Butylene glycol 
D-Mannit3ol* weak 
Glycerol* + 

Alccahols 
MetbaxK^l* 
Etfaanol 
Geraniol 

Hop-^ii tr o qeio as aronatic and other cyclic cong^ounds 
meta-HycSroD^benzoate 
para'-Bydra K^ benzoate 
Testosterone 

Alirhatic andno acids 
If Valine ~ 
L-teginine ^ 

Anino acids oontaining a ring structure 



NCIB 
11854 



Growth LlOui 
sole carhon sourcel 



NCIB 
11803 



HiitlcBiJB 
L-Tcyptxsphan* 
Anthranilate* 



NCIB 
11854 



<v^eak 
<weak 
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Amines 

•Benzylamine* 
Tryptandne 



Miscellaneous nitroqenoiis oonpounds 



Acid production 
from 0-F median 


GDOwth from 
isole carbon source 


NCIB 
11803 


NCIB 
11854 


MdB 
11803 


NCIB 
11854 











Betauie 
Pantothenate 



CaijDOhydrates and svagar dervitives cxgitiimed 



Galactose* 
Hannose* 
Lactose* 
Maltose* 
Melibiose* 



+ 



+ 
+ 

+ 
+ 



+ 
+ 

+ 

+ 



+ 
+ 

+ 

+ 



* Additional OGnpound 
In place of DL- 
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5 



dP dP dP dP 
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cn 
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0) 
03 
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5 
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CM 
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QAIMS 

1. A prooess far pi?^>aring Xanthononas heterc3polysacdiaride 
vflhich mi^^ri seg gxowiDg ths organisn XamtfacpnoMs campestris 
NdB 11854 in an aqaeoas nutrient medium by aerciic 
fententation of an assimilable ca3±x>hydrate and nitrogen 
so u rce and recxjvering the heteropolysaocharide. 

2. A prcxsess as r^iai'mp*^ in claim 1 v^hidi is carried out as a 
continuous process or as a fill and drw process* 

3. A process as rlaimpid in claim 1 or 2 in \4iich the organism 
is grown in the absence of yeast extract in a chemically 
rio^noH msdium as hereinbefore defined. 

4. A process as claimed in any one of the c laims 1-3 in vMch 
glutamate is used as nitrogen source. 

5. H ebarop olysao rti aride as prepared by a process as c laimRd in 
• any one of the claims 1-4. 

6. Ihe use of a heteropolysaocharide as claimed in claim 5 €ls 
a visoosity modifier in an aqueous solution. 

7. A drilling fluid oonprising v;ater and 6.06 - 1.5% by wei^tt 
of. a heteropolysaccharide as claimed in claim 5. 

8. A nethod of treating a well ooncxrigdng the introdu ction 
into the well of an aqueous medium mrprising water and 
0.05 - 1.5% by wei^ of a heteropolysaccharide as claimed 
in claim 5. 

9. A method for displacing a fluid through a well and/or a 
permeable subsurface formation donnunicating with the well 

EN27.001 
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injecting into the well an aquecsus solution ocxqprising a 
heteix^olysaocharide as claimed in claim 5. 
10. A biologically puxe culture of the Xantfacconas cainpestris 
NCIB 11854. 
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Key; 




Tune (h) 



Fig 1. Growth and Polymer Production by X.canipestris NCIB 1185^ 
(solid Lincfi) and X^campeetris KRBL t dashed Lines: top, 

polymer; bottom, cells) in defined salts medium (1) Ammonia as 
nitrogen source. 



01306^7 



Key: 
• Cdb 

■ Potymer (Dry weiqht) 

□ Polymer (determined by chemical analTsis) 
O Glucose 
A Nitrate 



o 
S 

m 
o 



o 
U 




Fig 2. Growth and Polymer Production by X^campestris NCIB 1185^ 
in defined salt^ medium (2) Nitrate as nitrogen source • 



« # • • • • • 

»».« r' «-* *» » . 
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Key: 
# Cells 

15 r ■ Polymer (Dry weight) 

O Polymer (determined by chemical analysis) 
O Glucose n 
A Glutamate 




S 
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Hg-3- C^wth and Polymer Production by X>campestris NCIB 1185^. 
(solid Lines) and X-campestris NRRL (dashed Lines: top, 

polymer; bottom, cells} in defined salts medium (3) Glutamate as 
nitrogen source* 



JEurapaisciies Patentanrt 
European Patent OfRce ® Publication number 0 1 30 647 

Office eurapten des brevets B 1 

@ EUROPEAN PATENT SPECIHCATION 

® DatBofp«bhcationofpat8mspeclficatlon:15J)3J« ® Inta*: 

@ Application number. 84200932.6 E 21 B 43/25 // (CI 2N1/20, 

@ Date of fifing: 27.06J4 C12R1:64) 



@ I^ce88lprp«paringMnthomonaslwteropoJvsaccharide.hetBio^ 
lattBr process and Hs use. 



(g) Priority: 29.06^ GB 8317696 

® Date of publication of application: 
09.01^ Bulletin 85/02 


(ft Proprietor: SHELL IISITCRIMATIONALE 
RESEARCH iVIAATSCHAPPUB.V. 
Card van Bylandtiaan 30 
NL-2598 HR Den Haag (NL) 


® Publication ofthe grant of the patent: 
16.03M Bulletin 89/11 


@ Inventor: Downs, John David 
165 Borden Lane ■ 
Simngboume Kent (GB) 


® Designated Contracting States: 
ATBECHDEFRGBITUUINLSE 


(S) Representative: Hunto*, Keith Roger Ian et al 
4Yori(Ro8d 
London SE17ISIA(GB) 


(9) References cited: 
EP^-0045569 
Ff^A-2328770 
FR-A-24Q8653 
US-Af4301247 
USA4328308 





N 

o 

CO 



o. 

Ul 



Note: vvimin nine monins irom mo huuhmsuwh wi m«» w. ^ - - ■ . . . ,, 

Give notice to tiie European Patent Office of opposition to ttw European patent granted. Notice of opposltoon shall 
be filed in a written reasoned stetement It shall not be deemed to have been filed until tiie opposition fee has been 
paid. (Art 99(1 ) European patent convention). 



Courier Press. Leamington Spa, England. 



EP 0 130 647 B1 



Description 

The present invention relates to a process for preparing Xanthomonas het rop lysaccharide by 
fermenting a certain Xanthomonas species. 

B From US 3,485,719 it is known that heteropolysaocharides can be prepared by subjecting a 
cartiohydrate source to farmentatiGn by the organism Xanthomonas campestris NRRL B-1459. In this 
patent si^fication it Is stated that the heteropolysaccharide produced from Xanthomonas campestris 
NRRL B-1459 has shown to be an exceptionally effective agent when used in secondary oil recovery 
operations as well as exhibiting utility as a thickening agent for foodstuffs, cosmetics, etc^ and also as an 

fo edible film-fbrming agent and as an emulsif/ing agent for example in printing ink and as thickening agent 
in textile print pastes. 

Applicants have now isolated a novel substrain Xanthomonas campestris species which has been 
deposited at the National Collection of Industrial Bacteria, Torry Research Station, Aberdeen, under 
accession number 1 1854. Compared with the microorganism Xanthomonas campestris NRRL B-1459 the 
rs present microorganism NCIB 11854 appears to exhibit a much higher specific growth rate in a defined 
medium, a remarkably higher specific rate of polymer production and can be maintained in continuous 
culture or repeated fill-and-draw culture for considerably longer periods without deterioration In polymer 
producing capability. 

Furthermore for enhanced oil recover/ operations the potential injectivity of the heteropolysaccharide 

20 produced by the NQB 11854 mircoorganism, as determined by a filtration test, is as good as or Is even 
better than that of the heteropolysaccharide produced by the Xanthomonas campestris NRRL B-1459 
espedally when dissolved in high salinity brines. The present invention provides a process for preparing 
Xanthomonas heteropolysaccharide which comprises growing the organism Xanthomonas campestris 
NCIB 11854 in an aqueous nutrient medium by aerobic fermentation of an assimilable carbohydrate and 

25 nitrogen source and recovering the heteropolysaccharide. The process may suitably be carried out as a 
batch-process or a fed-batch process with or without fill and draw or as a continuous process. 

From productivity considerations a continuous process or a fill and draw process is preferred. Unlike 
many commonly available Xanthomonas strains, the Xanthomonas campestris NCIB 11854 organism 
appears not to require complex growth factors or vitamins in order to achieve satisfactory growth rates and 

30 polymer production rates In liquid culture. Very good results can be achieved if the organisms is grown in a 
simple chemically defined medium containing a simple nitrogen source such as sodium glutamate, or an 
ammonium or nitrate salt Therefore such a growth medium is preferably used. Sodium glutamate Is the 
preferred nitrogen source. 

Furthermore, the use of a chemically defined growth medium allows better control of the microbial 

as growth oonditions» resulting in a controlled polymer synthe^s and a reprodudble production process 
yielding a product of consistent quality. This type of control over heteropotysaocharide production and 
quality is not generally possible using, for instance, Xanthomonas campestris NRRL B-1459 when growth 
in growth media containing the more variable and complex nitrogen sources such as yeast extract or 
distillers dried solubles. The present invention further relates to the heteropolysaccharide as prepared by 

40 the process as hereinbefore described and to the use of the heteropolysaccharide as viscosity modifier in 
an aqueious solution. 

A drilling fluid comprising water and 0.05—1.5% by weight of the above heteropolysaccharide is a 
further aspect of the present invention. The present invention also encompasses a method of treating a 
well comprising the introduction into the well of an aqueous medium comprising water and 0.05 — 1.5% by 
45 weight of the above heteropolysaccharide as well as a method for displadng a fluid through a well and/or a 

permeable subsurface formation communicating with the well by injecting into the well an aqueous ^ 
solution comprising the above heteropolysaccharide. The present invention further relates to a biologically 
pure culture of Xanthomonas campestris NCIB 11854. 

The present invention will now be further illustrated by the following Example. <s 

50 

Example 

Preparaton of heteropolysaccharide by cultivation of Xanthomonas campestris Sp. NCIB 11854 and a 
comparison of its performance with that of Xanthomonas campestris NRRL B-1459. 

Xanthomonas campestris NCIB 1 1 854 was grown on three different chemically defined salts media (as 
55 shown in Table 1 ) In a Chemap GF 7 litre fermentation vessel under batch conditions as sumarised in Table 
2. 

In the first experiment.the sole source of nitrogen for microbial growth was ammonium ion (24 mM), 
allowing expotential growth of cells to a maximum concentration of 3 gr\ In the second and third 
experiments the ammonium was sutsstituted with nitrate (24 mM) and glutamate (24 mM) respectively. The 
so results are shown in Rgures 1—3. 

As is dear from a comparison of these figures glutamate as a nitrogen source is preferred since it gh/es 
a ^max, i.& maximum cell growth rate, of 0.12 h~\ a gp value, l.e. specific rate of p lymer production, f 
0.36 g. (g*^)h*^ and a final polymer yield Yp of 0.59 g.g.'\ This combination of high pmax and high gp 
resulted in a final polymer producthrity of 049g.(1"'Mh*\ which is more than doubl the normal 
55 productivity of a heteropolysaccharide fermentati n using Xa/ilAomonascampestnfe NRRL B-1469.T8bl 3 



2 



EP 0130647 B1 

indicates under A the value of \max gp-gg, i^- specific glucose utilisation rate Yp, Le. yield of polymer on 
glucose and p, U, polymer product for Xanthomonas campestris NQB 11854 on the above defined salts 
growth medium and under B the respective values for Xanthomonas campestris NRRL 8-1459. 



t;:y^!F7^rr^^ DEFINED SftLTS MEDIUM FOR THE Ctg/TORE OF XWIHaiXg^ 
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CAMPESTRIS NCCB 118S4 






OonoentraticHi (uM) 


OonpGnent 




1 


Median 3 


Medim 1 


Medium 2 


Glxacose 


24.5 (gl"^) 


24,3 (gl"^) 


23.4 (gl"^) 




12 (24 nM N) 










24 




Ka Glutamate 






24 


KH2PO4 


25 


25 


25 




25 


2S 


25 


MgSO^.TH^O 


2 


2 


2 


CaCl2*2H20 


1 


1 


1 


FeSO^.7H20 
MnSO^.TH^O 
2qS0^.7H20 

Ila^«30^.2^0 
XZ 


0.2 

20 X 10'^ 
20 X 10"^ 
20 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 


0.2 

20 X 10'^ 
20 X 10"^ 
20 X 10"^ 
10 X 10*^ 
10 X 10"^ 
10 X 10"^ 
10 X 10'^ 


0.2 

20 X 10"^ 
20 X 10'^ 
20 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 
10 X 10"^ 



bM = siiUi2XDlar 

gl*^ s grans/liter 

nM N B millinDlar nitrogen 
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TftBUS 2 

GRCXr/TH OONDinCKS FOR THE CULTORE 
OF XANrnoCNAS CAMPESTRIS NOB 11854 





28*»C 


pH 


6.8 


Inpeller 


3x4 Bladed Bushton 
turbine 


Inpeller speed 


1000 rpn 


Culture volune 


4,5 - 5,0 litres 


pH oontrol 


IN liaGH -1- IN roe 


Dissolved 0^ tension 


>80 ran Bg 


Air flov rate 


1.0 litres/ndnute 
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This table dearfy shows the better performance of Xanthomonas campestris NCiB 11^ compared 
with Xanthomonas campestns NRRL B-1459. 

In Tabte 4 the fUtetability of Xanthomonas campestris NDB 11854 broth is compared with that of 
Xanthomonas campestris NRRL B-1459 broth when diluted to constant visco^ in solutions of different 
salinities'. 

TABIE 4 



nn/EERRBILnY C3F 20cP SOgunotg (visoosity measured at shear 
rate o£ 7.5 sec "^*) 

A IN 1% NaCl + 0.1% CaCl ^ AT 30°C, 1 atm over pressure 



^miN 


SAMPI£ FmrRAnON TIME 
5H+P/F* 


(SSCS) FOR 200na& 
1.2u** 


IdB 


Broth 


11,0 


63.0 


U854 


Ehzyne Threat- 


9.5 


29.3 


NRRL 


Broth 


17.5 


59.6 


B-1459 


Qizyne Treat. 


19.0 


188.0 



B IN 1% NaO. + 0,1% CaCL. M 70''C, 1 atm overpressure 



NCIB 


Broth 


7.5 


37.3 




11854 


Bazpte Treat 


5.5 


17.0 




MRRL 


Bsotdi 


35.8 


50.7 




B-1459 


Bizyne Treat 


8.5 


40.9 





C IN 15% Nad + 1.5% Cad^ M 30^C, 1 atm overpressure 



VCJB 


Broth 


14.5 


330 


U854 


Bizyse Treat 


22.1 


101 


NRRL 


Broth 


30.8 


81.7 


B-1459 


Bxzyne !beat 


>1000 


>1000 



D IN 15% Nad -I- 1.5% CaOL M 70^C> 1 atm overpressure 



NOB 


Broth 


17.0 


299 


11854 


Bisyne Treat 


>1000 


->1000 


MRRL 


BCOtfa 


>1000 


>1000 


B-14S9 


Ba^me Treat 


>1000 


>1000 



* P/F s Pt efi l ter for s^aration of ooarse material. 

without Ptefilter, but soLxticsn previously passed through 5|i 
+ P/P. 



For the actual filtration Millipore (trade maric) filters having a diameter of 47mm have been used. 5(i 
and 1^ are sizes of the pores of these filters. 

As is dear from the above table the fiiterability of Xanthomonas campestris HdB 11854 broth before 
and after enzyme treatment is remarkably better than that of Xanthomonas campestris NRRL B-1459. 

Characterisation by the National Collect! n of Industrial Bacteria of Xanthomonas campestris NCiB 
1 1854 and Xanthomonas campestris NOB 1 1 8903 = NRiU. B-1459, hereafter refen^ to as HOB 1 1 854 and 
NQB 11803 respecth^ely. 

The results were similar for HOB 11803 and NCIB 11854 except wh re stated. 
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a! gSwwTcMI Nutrient Broth + 0,75% Dtfco Agar plates were Inoculated with Voung' growth and 
incubated for 7i hours at 25^ Cells from the margins of c. 0^ mm patches f growth w re examined and 
photographed in situ und r coversllps by phasenxjntrast M biRty and the other features were detennin d 
In pools surrounding ai mm glass beads scattered on other patches. Cells at the of ,1!;°^ 
occurred dngly and in pairs, with cell dimensions of 0.4-0.5 pm width x 1.2—2.5 pm length for NQB 11803 
and 03-0.6 urn x 1.2—2.5 pm for NOB 11854, In from the growth margin In pools, aggregates 
(symplasmata? See Graham & Hodgkiss, 1967) of a hundred to several thousand cells were commonly 
seen with NOB 11803 but much less frequent with NOB 11854. Mobility was positive. . ^ ^ 

B. Using conditions as in A above but with 0.5% glocose added to the medium and 7 ^o^^f Jljf"^^^ 
results were similar except that cells were 0.1 pm wider and aggregates were not seen with NCIB 11854. 

^*T^After^48 iSure growth at Z^fC on Oxoid CM3 Nutrient Agar plates growth was good, and isolated 
»5 colonies were yellow in colour, circular, entire, mucoid, smooth, string and convex. Colony diameter was 

1—1.5 mm for 11803 and 1.5 mm for NQB 11854. 

6 After 72 hours growth at 30»C on medium as in A above but with 1 % glocose growth was good and 

isolated colonies were pale cream in colour, circular, entire, very mucoid, smooth and convex, while 

confluent growth was pale cream-yellow. Colony diameter was 2 mm for NOB 11803 and 2—2.5 mm for 
20 11854. 

Selected Morphology , ^ ^ ^ . , -,o\ 

Mineral Base Palleroni 6 Doudoroff 1972 Modified (PD). (A. Rev. Phytophethol. 10, 73) 
Na2HP04l2H20 6.0 g 

25 KHaP04 2.4 g 

NH4C1 1-0 g 

MgS04.7H2O 0.5 g 

FeCl3.6H20 0.01 g 

CaCla-SHaO 0.01 g 

30 Deonized Water 1 Utrc 

The ptt will be 6.8 ... 
PD Mineral Base + 0.1%"Rlter-Steriiised Glucose (PDG) 
Gelatin Stabs 

Nutrient Broth No. 2 (Oxold) 2.5% 
35 Gelatin (Difco) 12.0% 

Gelatin Plates 

Nutrient Agar Oxold CMS 2.8% 
Gelatin 1-0% 
Milk Plates 

40 SHm Milk (Difco) Separately sterilised 3% 

Peptone (Difco) 0.1% 
Beef Extract Lab-Lemco 0.1 % 

Naa 0-5% 
Agar 1.5% 

45 pH 7-4 before autoclaving 

Biochemical Characteristics: at 30**C except as stated 
Growtfi at X on CM3 Plates _ 

Temperature " " ~ 5* 30* 37" 

Growtii (non quantitativ e) +_ + " - 
so pH Gfowtti Range on CMI broth (adlusted pH) 

pH 3' 5 7.2 8 9 10 

Growtti — 3+ 3+ 3+ 3+ 3+ 

rS"cSitei5nJ Naa at concentrations of 2,3^ and 5% were prepared according to the metiiod 
55 of Hayward 81 Hodgkiss (1961). Cultures were incubated for 3 days. 
NCIB 11854 was less salt tolerant than NGB 11803 as follows: 

JSIaa % ■ 2 3 4 5 

NQB 11038 growth 3+ 3+ 3+ 

^ NOB 11854 growtfi 3+ 3+ + 

"^SlS'^^t?L*SiSfr7days.6e.atIn«^^ d a lesser degree of 

proteolytic activity than NCIB 11803 as follows: 

65 
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Gelatin Stab Gelatin Plate Mifk Rate 
NOB 11803 + + 

NaB 11854 - + weak + 

Growth Factor Requirement Tests 

Subcultures were made by straight wire three times in PDG medium made with glass distilled water. 
Satisfactory growth was obtained In about 4 days indicating there was no absolute requirement for growth 
factors. 

Methionine Stimulation Test 

One drop each of a faintiy turbid young growing culture in PDG medium made with glass distilled 
water was -inoculated into PDG with and without 10 |ig/ml L-methlonine in 1 ml amounts in 16mm tubes. 
There was no stimulation of the growth rate by L-methionlne. 

Carbon Source Utilization 

PB medium with 0.1% filter-sterilized sole carbon sources shown in Table 1 were inoculated and 
incubated for 14 days. Three apparentiy minor differences in growth between the strains were found. 

Acid Production from Cart)onhydrates 

The oxidation-fermentation medium of Hayward & Hodgldss (1961) was supplemented with 1% filter- 
sterilized carbon sources shown in Table 5. The tubes were inoculated and incubated for 14 days. Acid was 
produced from galactose and melibiose by NCIB 1 1854 but not by NCiB 1 1803. The significance of this is 
doubtful particularly because both compounds ware utiilized as sole cartaon sources by both NQB 11854 
and NOB 11803. 



CrtTtym Souroe Utdlizaticn - Oanpaunds llsfpd in the tables for 
Pseudoncnas in Sergey's Manual of Determinative Bacteriology 
1974 and in the order for Pseudanonas in R.Y. Stanier et al. 
(1966) J, gen. Micrcbiol. 43^ 159, 





Acid production 


Growth frcui 




ftan O-F meditxn 


sole raTi'MTtfi source 






NCIB 


VCJB 


NOB 




11803 


11854 


11803 


11854 


Carfaolivorates and sogsr detxvates 








D-Rihose 










D-Xylose 


trace 




weak 


weak 


LrArabinose 


weak 


weak 






Ir*I^haxQnose 










D-duoose 


+ 


+ 


+ 


+ 


D-^^ructose 


+ 


+ 


+ 


+ 


Sacrosa 


+ 


+ 


+ 


+ 


^cehalose 


+ 


+ 


+ 


+ 


C^cbiose 


weak 


+ 




+ 


2-Ketnghinonate 










Sacchaiate 










Fattv acids 










Acetate 






weak 


weak 


Roppicnate 










Butyrate 










DinarhrDcyllc acids 










Malcnate 






weak 
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Table 5' (cxaitinued) 



Hydroxy acids 

D H-^Tartrate 

meso-T&rtrate 

Dl>3-^lydro3cytRit^ate 

DL-Lactate 

dyoQllate 

MLscellamgoas C3rganic acids 


Add production 
from 0-F medium 


Grod/th fron 
sole carbon source 


11803 


NCIB 
11854 


NCIB 
11803 


NOB 
11854 


Is 


+ 
+ 

cyclic oa 


- 

Rpounds 


<weak 
<weak 


Levullnate 

dtraoonate 

Mssaoonate 

Sugar BDlyaXochols and qlyoc 


Ecythritoi 
Sorbitol 
inesO"Laositol 
&3bnitol 
Propylene glycol 
2,3-^utylene glycol 
D-fiaxmitaol* 
Glyoerol* 

Alcohols 
netnanol* 

Mon-nitzogisiaus aroraatic and 


vieak 
+ 

other 


meta'^lyiiroxybpnzcafaB 
pai'd'ilyJi.uiKyljfjnzoa'te 
l^BSbosterone 

Aliphatic andno acids 

IrV^line 

L-Azginine 

Axdno acids containincr a rir 


tg stru 


ctiure 




HistixUne 

Ir-^typtoghan* 

Antfazanilate* 







9 



EP 0 130 647 B1 



Table .5 (coitizuad) 



B6nzyl2xiuJi£* 
Ttyptandne 

t^isoellaneous nitroqenous cc 


Acid production 
fron 0"F medium 


Growth £rocn 
sole carbon source 


NCJB 
11803 


NCIB 
11854 


NCIB 

1 1 OA? 


NCIB 

11D94 


xtipound. 


5 


i 


+ 
+ 

+ 
+ 


Betalne 
Pantothenate 

Carbohydrates and sugar den 


dtives 


oontinuec 


Galactose* 

Mannose* 

lactose* 

Maltose* 

Melibiose* 


+ 
+ 


+ 
+ 

+ 
+ 


+ 

+ 
+ 



* Additional ocqpound 
Y In place of D£#- 
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11854 


o 
n 


+ + 1 




-I- + + 1 
m fo 


1 

4-8- 


11803 


o 
r> 


+ + 1 


' A in A <*i f*^ 


+ + + 1 

n <n 


u 






p \ 

w 

e 

• 

D « 0 

C o o r» 
C3 tf> m <n 


K CM 

u in o\ o 


Growth in NaCl 

2% 

3% 

4% 

5% 


brown dif fuslbl 
in the tryprone 


11854 


o 


' i 1 


1 1 1 ^ 
1 1 1 ~ 


+ 

7+ 1 + 


114 1 


L1803 


O 
m 


1 1 


1 1 1 + 




1 


1 + 1 






0 
m 

0» 
n 

Si 


^» 

r-l t-i 
iH 1-4 


1 S 5lS 


Gel stab 20"* 
Gel plate 

Casein 
Starch 


i 

5 


i a <^ 


11854 


o 
n 






'i ii 




11803 


o 


brown dif fi 
pigment in 
culture bn 




• i a 


+ + 


Isolate NCIB 1 


1 

U 
o 




III 


Glucose CSU 
Lactate CSU 
Acetate CSU 
Sensitivity 


^ It 




lie 

« £ o 3 
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1 A process f r preparing Xanthomonas hcterop lysaccharide which comprises growing the 
organism Xanthomonas campestris NCIB 1 1 854 In an aqueous nutrient medium by aerobic fern ntation of 
an assimilable cait>ohydrate and nrtrogen source and recovering the heteropolysacchande. 

2. A process as claimed In daim 1 which Is canried out as a continuous process or as a fill and draw 

process* > 

3. A process as claimed in claim 1 or 2 in which the organism Is grown in the absence of yeast extract In 

a chemically defined medium as hereinbefore defined. 

4. A process as claimed In any one of the claims 1—3 in which glutamate is used as nitrogen source. 

5. Heteropolysacchande as prepared by a process as claimed In any one of the claims 1—4. 

6- The use of a heteropolysacchande as dalmed In claim 5 as a viscosity modifier m an aqueous 

^^"vI'a drilling fluid comprising water and 0.06-1.5% by weight of a heteropolysacchande as claimed in 

^^''a^ method of treating a well comprising the introduction into the well of an aqueous medium 
comprising water and 0.05—1.5% by weight of a heteropolysaccharide as claimed in claim 5. 

9. A method for displacing a fluid through a well and/or a permeable subsurface fomiation 
communicating with the well by Injecting Into the well an aqueous solution compnsmg a 
heteropolysaccharide as claimed in claim 5. 

10. A biologically pure culture of the Xanthomonas campestris NCIB 1 1854. 

PuLeiilanspruche 

1. Verfahren zur Herstellung eines Xanthomonas-Heteropolysaccharids, welches ein Vermehren des 
Organlsmus Xanthomonas campestris NCIB 11854 In einem WflBrigen Nahmnedlum durch aerobe 
Fermentation einer assimillertjaren Kohlenhydrat- und Stickstoffquelle und em Gewinnen des 
Heteropolysaccharide umfaBt ^ ^ . . i-aii j 

2. Verfahren nach Anspruch 1, welches als eIn kontlnuleriiches Verfahren Oder als ein FQII- und 
-Abziehverfahren ausgefOhrt wird. ^ i^- 

3. Varfahren nach Anspruch 1 oder 2, worin der Mikroorganismus in Abwesenhert von Heteextrakt m 
einem chemisch definierten Medium gemaS vorstehender Definition wermehrt wird.* 

4. Vertiahren nach einem der Anspruche 1 bis 3, worin Glutamat als Stickstoffquelle verwendet wird. 

5. Heteropolysaccharid, hergestellt nach einem Verfahren, wie In einem der Anspruche 1 bis 4 

beansprucht ... u* «i« 

6. Venwendung eines Heteropolysaccharids, wie In Anspruch 5 beansprucht als 
VIskosltfltsmodlfizlerungsmittel In einer waBrigen L6sung. ^ . . 

7. BohrflQsslgkeft, umfassend Wasser und 0,06 bis 1,5 Qew.-% eines Heteropolysacchands, wie in 
Anspmch 5 beansprucht j 

& Verfahren zur Behandlung einer Clbohrung, umfassend das Elnbnngen eines waBngen, Wasser und 
0,05 bis 1,5 Gew.-% eines Heteropolysaccharids, wie In Anspruch 5 beansprucht aufweisenden Mediums 
in die 6lbohrung. ^, ^ 

9. Verfahren zum Verdringen dnes Ruids durch eine Olbohrung und/oder eine permeable 
unterirdische Formation, die mit der Olbohrung In Verialndung steht durch Injlzleren einer wfiBngen, em 
Heteropolysaccharid gemSB Anspruch 5 unfassenden Ldsung in die Bohrung. 

10. Blologisch relne Kultur von Xanthomonas campestris NQB 11854. 

Revemflcations 

1. Proc^e de preparation d'un h6t6ropolysaccharido de Xanthomonas, qui comprend la culture de 
I'organisme Xanthomonas campestris NOB 11854, dans un milieu nutritif aqueux, par fermentation 
a6roble d'une source assimilable d'hydrate de carbone et tfazota, et la r6cup6ration de 
rhdt^ropolysaccharide. , . . 

2. Proc6d6 selon la revendication 1, qui est r6alis6 comme un proc6d6 continu ou comme un proc6d6 

par remplissage et soutirage. _., ^ s* j 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel I'organisme est cultiv6 en I absence d extrart de 
levure, dans un milieu ddfini chimiquement tet que defini ci-dessus. 

4. Procddd selon I'une quelconque des revendications 1—3, dans lequel on utilise le glutamate comme 
source d'azote. 

5. Heteropolysaccharide pr6par6 par un proc6rf6 selon I'une quelconque des revendications 1—4. 

6. Utilisation d'un h6t6ropolysaccharide selon la revendication 5, comme agent modrfiant la viscosW 
dans une solution aqueuse. . . , . . . . 

7. Rulde de fbragae comprenant de I'eau et 0,06—1,5% en poids d'un h6t6rop lysaccharide selon la 

revandlcati n 5. 
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8. Proc6d6 de traitment d'un puits, comprenant llntroduction, dans le pufts, d'un milieu aqu ux 
comprenant de I'eau et 0,05—13% en poids d'un h6t6ropolvsaccharide selon la revendication 5. 

a Proo^dd pour d^placer un fluide d travers un puits et/ u une fonnation aouterrain permeable 
communlquant avec le putts, qui conslste d Injecter dans le pu'its une solution aqueuse comprenant un 
s hdt^ropolysaccharide selon la revendication 5, 

la Culture biologiquement pure de Xanthomonas campestris NQB 1 1854w 
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Fig 1. Growtli and Polymer Production 
(solid Lines) and X.caarpefitris KRBL B- 
polymer; bottom, cells} in defined sal 
nitrogen source. 
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Fig 2. Growth and Polymer Production by X.campestrds NCIB 1185^ 
in defined salts medium (2) Nitrate as nitrogen soarcc. 
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Key: 
• Cclb 




TlmeQi) 

Growth and Polymer Prtduction by X.canpestris NCIB 1185*^ 
(solid Lines) and X>eampestris NRfiL (dashed Lines: top, 

polymer; bottom, cells) in "defined salts medium (3) fiLutamate as 
nitrogen source. 
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